A detector is designed for ground and space based optical experiments for high and ultrahigh energy cosmic ray studies. In this paper a separation method based on the simultaneous light recording from one 'optical pixel' by two or two pairs of silicon photomultipliers (SiPMs) is proposed. The first SiPM detects incoming light flux in the wavelength band of its maximal sensitivity. The second SiPM detects light through an optical UV filter for fluorescent light (FL). If the sensitivity characteristics of the SiPMs, the absorption characteristics of the filter elements, and the spectra of fluorescent and Cherenkov light (CL) are known, one can calculate the contribution of each component to the total light flux. Upon the completion of this work it will be possible to separate fluorescent and Cherenkov light at the stage of on-board primary processing of recorded data. This method will increase methodological accuracy of fluorescent light measurements and thus significantly reduce the impact of simulations for primary cosmic ray characteristics reconstruction.
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A photo of the 7х7х1 mm light filters radiated with a white LED
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On the left: the FL source photo. On the right: blue curve shows the measured spectrum of the FL source, the red curve presents the FL spectrum from 293K dry air at 800 hPa according to the AIRFLY Collaboration data.
The amplitudes of the pulses recorded from the SiPM output with the light source switched on (the amplifier noise is subtracted from the data) is shown by dots. The curve represent the fit using the sum of multiple Gaussian distributions.
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Modeling and Calculations
To estimate the efficiency of the proposed CL-FL separation method and its impact on the precision of the EAS primary particle properties estimation, an EAS simulation was performed with account of realistic light scattering and absorption in the atmosphere. 
FL
The main idea of the proposed method uses the simultaneous registration of incident light by two or more photodetectors, one of which collects all photons and the other or others collect photons after a specific filter. In other words, this method utilizes the same logic as a common photocamera. For this method to be effective, the photodetector size should be ~2 times smaller than the optical part resolution. In this case the measurement results are independent from the size or shape of the registered image. This condition is well met by the silicon photomultipliers since their sizes are typically smaller than those of common photomultiplier tubes (PMT) and are about 1x1mm to 6x6mm. With the known CL and FL spectra, filters and photodetectors spectral characteristics, the contribution of each optical component can be reconstructed. For example, the UFS-1 filter transmits up to 80% of FL in the 250-370nm range, but do not transmit more than 90% of the CL 'tail' in the 420-650nm range. UFS 5 and -FS6 (the BG3 analogue) have close characteristics to the ones described above. In other words, the method uses the fact that the CL spectrum is much wider than the FL one so that the appropriately selected filter would allow to separate CL and FL based on the pixel signals difference.
FL source
A board with 4 SiPMs for testing and an adapter board for connecting to an oscilloscope.
In most of the present-day EAS optical components detectors the common PMTs are used, but lately SiPMs become of some use. SiPMs have sensitivity comparable to PMT's one, but are more compact, lighter and do not require high voltage power supplies. It is expected that further development of SiPMs will lower their cost with simultaneous increase in their sensitivity. For the current study the SensL SiPMs with 6х6mm sensitive area [3] were chosen. The differential SiPM's 'fast output' with good time resolution (~5ns) allows to use them in the photon counting mode.
For the studies the MicroFC-SMTPA-60035 SiPM was selected and its quantum efficiency was measured. The SiPM voltage was set to 29.20V (24.5V -the main voltage and 4.7V -overvoltage as per specification). The measurements were done using the Hamamatsu L11494-430 calibrated light source. Three measuring series were recorded using an 2Gs/s oscillograph:
• with both the SiPM power suppliers and the light source switched off; • with SiPM powered, but the light source switched off;
• with both the SiPM power suppliers and the light source switched on.
The recorded series with the SiPM switched off allowed to measure the amplifier noise level. The same was repeated for two other series. But both of the other series show distinct peaks from multiple or single photoelectrons. The Hamamatsu L11494-430 light source, according to the previous measurements, gives random flux of single photons with low portion of pairs (none were reliably detected during the previous measurements). The multiple photoelectron peaks in the recorded data from this SiPM are caused by the induced triggering of the neighboring elementary cells. This conclusion is in agreement with the exponential decay of the distribution peaks amplitude in the figure. In case of multiple photons being emitted from the light source their number should follow the Poisson distribution.
The data recorded in the second measuring series (with SiPM powered on but the light source turned off) allowed to measure the SiPM dark current. The multiple photoelectron peaks were also observed in this series. Hence the frequency of the photoelectrons from light source photons was about 478 kHz. The light source emits about 2.12х10 6 photons/s. The resulting quantum efficiency of the studied SiPM was about 24±2%. The fill coefficient (the portion of the total area that is sensitive to light) for the SiPM is 0.64 according to the manufacturer specification [3] ). Combined this gives quantum efficiency of a single cell about 38±3% which is in a good agreement with the manufacturer data.
For the CL source the 50х15х15mm acrylic radiator penetrated by cosmic ray muons was used. Two additional 15х15х15mm scintillator detectors set in the coincidence mode were used to select only those muons that passed through the whole radiator.
